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Hydrogen has the  po ten t i a l  of being a cheap and non- 
pol lu t ing  f u e l  which could be used i n  a v a r i e t y  of energy con- 
ve r t e r s .  It  i s  p a r t i c u l a r l y  a t t r a c t i v e  f o r  u s e  i n  f u e l  cells, 
where it is t he  prefer red  f u e l ,  b u t  it could a l s o  be used in  
any type of combustion engine, although i n  the l a t t e r  case some 
modification of conventional designs would be required.  How- 
ever,  a major problem involved i n  using hydrogen as a common 
fuEl i s  the d i f f i c u l t y  encountered i n  s t o r i n g  and t ranspor t ing  
it. TO s t o r e  and t r anspor t  hydrogen a s  a cryogenic l i qu id  o r  
as a compressed gas  f o r  such use does not  appear p r a c t i c a l  
e i t h e r  from an economic or  a s a f e t y  s tandpoint .  

1-3  Recent s t u d i e s  on t h e  equi l ibr ium re l a t ionsh ips  between 
hydrogen and c e r t a i n  metals and a l loys  suggest t h a t  t he  revers- 
ible m e t a l  hydrides  formed in  these  s y s t e m s  may serve as  a con- 
venient ,  s a fe ,  and cheap means of s t o r i n g  hydrogen. In  t h i s  
regard t h e  u s e  of  magnesium hydride as  a source of hydrogen 
fue l  f o r  i n t e r n a l  combustion engines has  a l ready been discussed. 
The object  of t h i s  paper is t o  descr ibe  how such metal  hydrides 
may be used t o  supply hydrogen f o r  use as a f u e l  i n  an e lec t ro-  
chemical ce 11. 

4 

In  its most simple form such a s torage  system cons i s t s  of 
a v e s s e l  conta in ing  a r eve r s ib l e  metal hydride of t h e  type des- 
cr ibed below, a means by which hea t  may be added t o  o r  removed 
from the system, and a t a p  f o r  withdrawing or  adding hydrogen 
gas. In  operat ion,  as hydrogen is withdrawn from the  s y s t e m ,  
the hydrogen pressure  drops below t h e  equi l ibr ium dissoc ia t ion  
pressure of t h e  metal  hydride which w i l l  then d i s soc ia t e  i n  
order  t o  r e -e s t ab l i sh  equi l ibr ium condi t ions.  
drogen evolut ion s t e p  hea t  must be added t o  the  system since 
the  d i s soc ia t ion  r eac t ion  i s  endothermic. Dissociat ion w i l l  
continue under these  condi t ions as long as the  designated hy- 
dr ide  phase e x i s t s  (it is  poss ib le  t o  have more than one hy- 
dr ide  phase present  i n  ce r t a in  systems).  I n  order  t o  regenerate 
the  hydride the  procedure i s  reversed; hydrogen is added t o  t h e  

During t h e  hy- 
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system and t h e  hydrogen pressure is maintained above the  d i s -  
soc ia t ion  pressure.  Heat must be removed from t h e  system during 
t h i s  s tep .  

In  Table 1 t h e  per t inent  proper t ies  of t h r e e  candidate 
metal hydrides a r e  l i s t e d  and can be compared t o  corresponding 
f i g u r e s  f o r  cryogenic and compressed gas s torage.  These com- 
pounds a r e  vanadium dihydride (VH ) ,  magnesium nicke l  hydride 
(Mg2NiH4) and MgH2. 
b a s i s  t h e  hydrogen content of t h e  s o l i d s  is g r e a t e r  than t h a t  
of l i q u i d  hydrogen and much g r e a t e r  than t h a t  of compressed 
hydrogen a t  100 atm. pressure and 25OC. we wish t o  poin t  out  
t h a t  a d e t a i l e d  discussion of the  proper t ies  and synthes is  of 
these  compounds has already been g i ~ e n ; l - ~  here  w e  s h a l l  only 
d iscuss  these proper t ies  b r i e f l y  and in connection without 
p a r t i c u l a r  i n t e n t .  

2 
It  is  i n t e r e s t i n g  t o  note t h a t  on a volume 

Vanadium Dihydride - A Low Temperature Hydrogen Reservoir 

Vanadium dihydride i s  capable of supplying hydrogen a t  a 
pressure of >1 atm. t o  a f u e l  cel l  a t  any temperature above 
-1OoC. 
can e a s i l y  be ground t o  a f i n e  powder. I t  is not  pyrophoric, 
indeed i n  t h e  presence of a i r  i ts decomposition is inhib i ted .  
It can be synthesized by the  d i r e c t  react ion of hydrogen with 
t h e  m e t a l  o r  with vanadium monohydride. It w i l l  decompose t o  
form vanadium monohydride and hydrogen as  follows :3 

It has  a grey meta l l ic  appearance, is very b r i t t l e  and 

I 
1.92 VH2.00 2 H2 + 1.92 VHo.95 

A p l o t  shar ing t h e  equi l ibr ium d i s s o c i a t i o n  pressure (Pd) 
vs composition, expressed a s  t h e  r a t i o  of H atoms/total  metal 
a t o m s  ( H / M ) ,  is shown i n  Fig.  1. Reaction (1) r e f e r s  t o  t h e  
reac t ion  taking place i n  t h e  p la teau  region which lies between 
t h e  l i m i t s  %.95-VH2 o. 
constant  and not  d e p e d e n t  on t h e  s o l i d  composition. 
v ~ ~ - ~ ~  t h e  isotherm does not rise v e r t i c a l l y  but  has  a s l i g h t  
slope t o  t h e  r i g h t  which is due t o  t h e  nonstoichiometric char- 
acter of vanadium dihydride. Below a composition corresponding 
to.VH4-95 t h e  Pd drops prec ip i tous ly  as only  t h e  vanadium 
monohydride phase is present  which is quite stable. 

I n  t h i s  region t h e  Pd is  e s s e n t i a l l y  
Above 
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T h e  d i s soc ia t ion  pressure (P  ) of VH is  very s e n s i t i v e  
t o  the  type and amount of  impuri t ies  present  i n  the  s t a r t i n g  
vanadium. 
commercial grade vanadium (Union Carbide Corp., Materials System 
Division) w a s  h igher  by a fac tory  of >2 than t h a t  made from 
high pu r i ty  ~ a n a d i u m . ~  
puaposes w e  s h a l l  spec i fy  t h a t  t h e  VH2 used in  the  sys,tems des- 
cr ibed here be made from commercial vanadium: the  da t a  presented 
here  h a s  been obtained wi th  VH2 using t h i s  as the  s t a r t i n g  mate- 
r i a l .  Qual i ta t ive  observation a l s o  indicated t h a t  these  im-  
p u r i t i e s  have a c a t a l y t i c  e f f e c t ,  increas ing  both the  r a t e  of 
decompos it ion and format ion of VH2. 

d 2 

Thus, it has been found t h a t  t h e  Pd of VH2 made from 

Since a higher  Pd is des i r ab le  f o r  our 

A p l o t  of t h e  r ec ip roca l  temperature v s  the  Pd f o r  t h e  
composition range VHO 95 t o  VH2- 00 y i e l d s  a s t r a i g h t  l i n e  

From these d a t a  t h e  following thermodynamic quanf i t i e s  f o r  
r eac t ion  (1) can be ca lcu la ted :  

(Fig.  2) which obeys t h e  equation log P = - -1989 + 7.3795. a t m  To 

= +9.10 K c a l  

= +33.76 e u  
= -0.96 Kcal 

hH298 

“298 

AF298 

Thus, t h e  decomposition of VH2 is endothermic and heaf 
must be supplied.  However, a t  298OK the  f r e e  energy change is 
negat ive and t h e  r eac t ion  is spontaneous. Even a t  a temperature 
as  low as O°C t he  equi l ibr ium d i s soc ia t ion  pressure is s l i g h t l y  
above 1 atm. (1.25 a t m . )  . Consequently, VH2 can supply hydrogen 
a t  a usable pressure  by ex t r ac t ing  hea t  from the  surrounding 
environment i f  t he  ambient temperature is above O°C. While t h i s  
may be convenient i n  c e r t a i n  circumstances it is  probably more 
e f f i c i e n t  t o  u t i l i z e  the  w a s t e  heat of the energy converter  t o  
e f f e c t  decomposition. 

An idea l ized  schematic of an in t eg ra t ed  H 2 - a i r  f ue l  ce l l  
and a t a b l e  of compatible m e t a l  hydride-fuel ce l l  systems is 
shown i n  Fig. 3 .  As an example of a low temperature system, 
consider  a f u e l  c e l l  of t h e  type descr ibed previously by Bartosh 
but  wi th  H2 suppl ied  by t h e  decomposition of  vH2. 
a 500-watt H 2 - a i r  cell  operat ing a t  74OC with an aqueous KOH 
electrolyte. Hydrogen o r i g i n a l l y  w a s  suppl ied by a companion , 

reforming-purif i c a t i o n  u n i t  which required a low s u l f u r ,  hydro- 
carbon feed. 

5 

The cel l  w a s  

The volume of  the  reforming u n i t  w a s  1.4 f t3 ,  
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weighed 47 lb ,  including f u e l  and water, and a t  max imum cell 
power t h e  r a t e  of H2 feed w a s  0.0632 lbfhr  or 14.23 g m o l e f i r .  
We may replace t h e  reformer with a r e se rvo i r  containing VH2 
and a t  t h i s  r a t e  of consumption, 14.45 Kg (31.8 lb) of VH2 w i l l  
l a s t  10 hr .  
t h i s  amount, assuming a 5ojg void space, is 5.78 1 (0.20 f t 3 ) .  
The amount of energy required t o  provide the  hea t  of dissocia-  
t i o n  is 129.5 Kcal /hr  (513 B t u h r ) .  The waste hea t  generated 
by t h e  c e l l ,  a t  55% e f f i c i ency ,  is 351 Kcal /hr  (1393 Btufhr ) .  
The only s i g n i f i c a n t  d i f fe rence  between the  cell descr ibed here  
and t h a t  of Bartosh is t h a t  we propose t o  have a c i r c u l a t i n g  
e l e c t r o l y t e  which is used to  t r a n s f e r  t h e  waste hea t  of t h e  c e l l  
to  t h e  hydride bed. Considering t h a t  t h e  waste heat  is i n  ex- 
cess by a f ac to r  of almost 3 over t h a t  required to  d i s s o c i a t e  
vR2 and the  l a rge  temperature d i f fe rence  between t h e  hydride bed 
and the  fue l  c e l l ,  it is q u i t e  possible t h a t  simpler means of 
hea t  t r a n s f e r  would s u f f i c e ,  e.g. loca t ing  the  hydride bed i n  
an a i r  stream previously used t o  cool the  f u e l  c e l l .  Thus, t he  
design as shown i n  Pig. 3 appears q u i t e  conservative and allows 
a considerable degree of f l e x i b i l i t y .  

The volume of t h e  f u e l  r e se rvo i r  required f o r  

As f a r  as s tar t -up procedure is concerned, we would no te  
t h a t  t h e  d i s soc ia t ion  pressure of vR2 is high enough to  supply 
hydrogen a t  t h e  cell operat ing pressure of 28 ps i a  down t o  am- 
b i e n t  temperature of 7OC. Of course, t h e  bed w i l l  tend t o  cool 
a s  t h e  hydride decomposes and t h e  pressure w i l l  drop, b u t  t h e  
sens ib l e  heat  of t h e  bed should be s u f f i c i e n t  t o  supply the  hea t  
required u n t i l  some hea t  is ava i l ab le  from the cell- I n  addi- 
t i o n  as t h e  bed cools  below t he  ambient temperature some hea t  
w i l l  be ext rac ted  from t h e  surrounding environment. . 

When the  VH content  of t h e  r e se rvo i r  is exhausted it can 
be regenerated by supplying H2  a t  a pressure of S O 0  ps ia  a t  a 
bed temperature of 25OC. It is  necessary t o  conduct t h e  re- 
generation reac t ion  a t  a pressure s u b s t a n t i a l l y  above t h e  Pd 
s ince  the re  is appreciable  h y s t e r e s i s  in t h e  system. Further ,  
t h e  rate of regenerat ion a t  any f ixed  temperature is pressure 
dependent and pressures  of  200-300 p s i a  above t h e  Pd are recom- 
mended t o  a t t a i n  reasonably f a s t  reac t ion  r a t e s .  I n  the  latter 
case q u a l i t a t i v e  observat ion suggests t h a t  t h e  hydride can be 
90% regenerated i n  about 1 h r ,  provided s u f f i c i e n t  cool ing 
capaci ty  is ava i l ab le  to maintain the  bed a t  25OC. 

2 
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It is possible  t o  adapt the  hydride s torage concept t o  a 
more conventional scheme a l s o  shown i n  F ig .  3 .  In  t h i s  case . 
m2 is used t o  provide a b a l l a s t  e f f e c t  i n  a reformer system. 
Hydrogen is manufactured from a hydrocarbon fue l  and pur i f ied  
i n  the  usual manner by passing it through palladium-silver 
membrane. The hydrogen may be conducted t o  t h e  hydride reser- 
vo i r  t o  regenerate VH2. o r  d i r e c t l y  t o  the  f u e l  cell ,  or bath. 
Under peak loads the  system can be designed so t h a t  some VH2 
w i l l  decompose t o  supply the  required ex t r a  hydrogen. If the 
fue l  c e l l  operation is in te rmi t ten t ,  t he  hydride r e se rvo i r  
may c a r r y  most of t h e  load during cel l  operation and is regen- 
e ra ted  when the  ce l l  is  down. Such an arrangement has severa l  
advantages over conventional hydrocarbon reforming-fuel cell  
systems which are summarized as  follows: 

1. The reformer s i z e  i s  determined by the average hydrogen 
consumption, not  peak consumption. 

\ 
2. The s i z e  of t h e  palladium s i l v e r  d i f f u s e r  i s  a l s o  determined 

by the average hydrogen consumption. 

3 .  The reformer can be run continuously and hydrogen s tored  i n  
the  hydride bed f o r  fu ture  use. 

4. The VH bed can supply H immediately upon s tar t -up.  2 2 

The ac tua l  design of such .a  system w i l l  depend a great dea l  
upon the  use pa t t e rn  envisioned f o r  the  fue l  cell .  Hwever, it 
can be seen t h a t  t he  incorporation of a r e l a t i v e l y  small hydride 
reservoi r  should r e s u l t  i n  a p r a c t i c a l  f u e l  c e l l  system having 
a grea te r  degree of f l e x i b i l i t y  than any previously known. 

High Temperature 'Systems 

Both the  Mg NiH4 and MgH may be considered i n  the present  
context  as high zemperature systems. 
hea t  required f o r  decomposition from t h e  environment;. ra ther ,  
such heat must come from the w a s t e  hea t  of the energy converter,  
provided its operat ing temperature is high enough, or from some 
other  high temperature hea t  source. The m o s t  e f f i c i e n t  arrange- 
ment is t o  use the waste hea t  of the  converter and we w i l l  l i m i t  
our discussion t o  that pa r t i cu la r  a l t e rna t ive .  

2 They cannot abstract the  
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I 

Mg2NiH4 is a rust-colored powder having a non-metallic 
appearance. I t  is  not  pyrophoric and it decomposes slowly i n  
water bu t  rapidly i n  a s l i g h t l y  a c i d i f i e d  so lu t ion .  A pres- 
su re  composition isotherm f o r  t h e  Mg2NiH4 system is shown i n  
F ig .  1. Unlike VH2 almost a l l  t h e  hydrogen is ava i l ab le  ex- 
cept  f o r  a s m a l l  amount which d i s so lves  i n  the  M g 2 N i  decomposi- 
t i o n  product. The decomposition r eac t ion  is a s  follows: 

0.54 Mg2NiH4 2 0.54 Mg2NiH 0.3 + HZ 

A p l o t  of t he  d i s soc ia t ion  pressure vs  the  r ec ip roca l  t e m -  
pera ture  i s  shown i n  Fig. 4. It is a s t r a i g h t  l i n e  and obeys 
the  r e l a t ionsh ip  log Patm = -3360/T°K + 6.389. For r eac t ion  
( 2 )  ' t he  following thermodynamic values  have been determined2: 

= +15.4 K C a l  'H2980 

= +6.7 Kcal AF2 98 

= +29.2 eu As2 98 

The reason f o r  including Mg2NiH4 i n  t h i s  d i scuss ion  is t h a t  
it could be used t o  supply hydrogen t o  Bacon type  f u e l  cells  
operat ing near 30OoC. The high cell  temperature would requi re  
t h a t  t h e  e l e c t r o l y t e  ,be a highly concentrated KOH so lu t ion  (at  
least  85 w t  % KOH). The advantage of Mg2NiH4 over  VH2 i n  t h i s  
s i t u a t i o n  is t h a t  it contains  3.3 w t  % ava i l ab le  hydrogen vs 
2 . 1  w t  % f o r  the  la t ter .  However, it is only use fu l  i n  a r e l a -  
t i v e l y  narrow temperature range from -275OC where i ts  Pd is 
1.81 a t m .  t o  325OC a t  which po in t  t h e  Pd of MgH2 is 2.8 atm. 
The l a t t e r ,  of course,  conta ins  much more hydrogen on weight 
basis and for t h i s  reason would be t h e  prefer red  f u e l .  Unfor- 
t una te ly  Bacon type cells operate  a t  temperatures which a r e  too 
low t o  u t i l i z e  the  w a s t e  hea t  i n  order  t o  d i s s o c i a t e  MgH2- 
making the  assumption t h a t  Bacon cells w e r e  ava i l ab le  of t h e  
s a m e  r a t i n g  and H2 f u e l  requirement as the  low temperature cell  
discussed above, t he  equivalent  amount of Mg2NiH4 necessary 
would be 8.56 K g  (18.8 lb) and would r equ i r e  a r e se rvo i r  volume 
of 6.66 liters (0.23 f t 3 )  assuming a 50% void space. 
regenerat ion procedure i s  s i m i l a r  t o  t h a t  previously descr ibed 
f o r  VH2 except t h a t  t he  regenerat ion temperature should be above 
250°C i n  order  t o  a t t a i n  an acceptable  reac t ion  rate. 

Thus, 

The hydride 
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For high temperature f u e l  cells such as those using molten 
carbonates o r  s o l i d  e l ec t ro ly t e s ,  MgH2 could be used a s  the  
source of hydrogen fue l .  However, the  preparat ion of pure MqH2 
by d i r e c t  react ion with hydrogen is d i f f i c u l t  and requi res  a 
temperatures of A O O O C  and A 0 0  a t m .  p r e ~ s u r e . ~  I n  addition, 
t he  product is  q u i t e  i n e r t .  However, it has been found t h a t  
i f  a magnesium a l l o y  containing 5-10 w t  % N i  or  Cu. is used as 
the  s t a r t i n g  mater ia l  the  synthes is  reac t ion  i s  g rea t ly  acceler-  
a ted and the product very ac t ive . l e2  
poses, an a l loy  of 95% Mg and 5% N i  is recommended. Hydrogen 
w i l l  r eac t  with t h i s  material t o  form both MgH 
Decomposition w i l l  t ake  place in  two s t eps ;  f i rs t  M g a N i Q  de- 
composes a s  shown above i n  reac t ion  (2) ,  followed by the known 
react ion:  

For hydrogen s torage pur- 

2 2 and Mg NiH4.  

MgH2 t Mg + H2 ( 3 )  

A pressure composition isotherm f o r  such a system is  s h a m  i n  
Fig. 1. The shor t  upper plateau is due t o  the  presence of 
Mg2NiH4. 

A p l o t  of t he  Pd vs  the rec iproca l  temperature f o r  MgH2 
is shown in  Fig. 4. It i s  a s t r a i g h t  l i n e  and can be represented 
by t h e  equation log Patm = -4045/T + 7.224. Assuming Mg2NiH4 
(or M g 2 N i )  a c t s  purely as a c a t a l y s t  and t h a t  there  is no solu- 
b i l i t y  of H2 i n  t h e  M g  phase, t h e  following thermodynamic func- 
t i o n s  have been ca lcu la ted  f o r  reac t ion  (3)2:  

AH2980K = +18.5 K c a l  

AF2980K = +8.7 K c a l  

= +33 eu "298'K 

The equi l ibr ium dissoc ia t ion  pressure of MgH a t  325OC is 
2 2.85 a t m .  and t h i s  mater ia l  could be used in  any system provided 

the  w a s t e  hea t  could be extracted a t  t h a t  temperature or  above. 
It  appears t o  be q u i t e  su i t ab le  f o r  high temperature cells using 
molten carbonate e l e c t r o l y t e s  which operate  above 40OoC. How- 
ever, s ince t h e  optimum MgH2 temperature is about 35OoC (Pa = 
5.4 atm.) , the  fused s a l t  e l e c t r o l y t e  cannot be used as a heat  
t r a n s f e r  medium because t h i s  temperature is about 5OoC below t h e  
melt ing point  of the lowest melting e u t e c t i c  mixture of sodium, 
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l i th ium and potassium carbonates. The operation of the metal 
hydride r e se rvo i r  a t  4OO0C, where t h e  pd is 16.4 atm., is not 
recommended because it is i n  a temperature and pressure  region 
where the  s t r eng th  of ma te r i a l s  may be a problem and leaves 

a secondary hea t  t r a n s f e r  medium would have t o  be used, perhaps 
a l i q u i d  metal (e.g. mercury o r  s o d i u m ) ,  or  gas (i.e. a i r ) .  

I no sa fe ty  margin a s  f a r  a s  t h e  molten s a l t  is  concerned. Thus 

I The g r e a t  advantage of MgH2 is, of course,  i t s  high hydro- 
gen content.  In t h i s  case, i n  order  t o  power a h igh  temperature 

weight of mater ia l  (91.2% MgH2, 8.8% Mg2Niq) requi red  t o  g ive  
t h e  same opera t ing  c h a r a c t e r i s t i c s  would be 3.950 K g  (8.69 lb , 

Because of t h e  presence of t h e  t e rna ry  hydride,the hydrogen con- 
t e n t  of t h e  mixture is 7.3 w t  % r a t h e r  than 7.6 w t  % a s  it is i n  
pure MgH2. I n  c a l c u l a t i n g  t h e  volume we made no co r rec t ion  f o r  
t h e  probable increase  i n  dens i ty  r e s u l t i n g  from t h e  presence of 
Mg2NiH4 and have assumed t h e  dens i ty  of t h e  mixture is t h e  same 
as t h a t  of pure MgH2, i.e. 1.45 g/cc. 

I cell ,  s imi l a r  t o  t h e  500-watt c e l l  described above, t h e  t o t a l  

having a volume (50% void space) of about 5.4 liters (0.19 f t  5 ) . t 

A hydride r e s e r v o i r  conta in ing  MgZNiH4 o r  MgH2 could a l s o  
be used t o  g ive  a b a l l a s t  e f f e c t  i n  a reformer system a s  des- 
cribed above us ing  VH2. The h igher  hydrogen content  of these  
compounds vs vH2 is somewhat o f f s e t  by t h e  highel? decomposition 
temperature requi red  f o r  t h e  former, otherwise the  same advan- 
tages would accrue a s  those enumerated above. 

Conclusions 

I 

I 

t 

we have shown how s e v e r a l  r e v e r s i b l e  m e t a l  hydride sys- 
t e m s  may be used t o  supply hydrogen t o  seve ra l  types  of elec- 
trochemical f u e l  cells. I n  our judgment VH2 is t h e  prefer red  
ma te r i a l  f o r  such use because of i t s  convenience, f l e x i b i l i t y  
and the  ease with which it could be i n t eg ra t ed  wi th  t h e  most 
advanced f u e l  cell  type, i.e. aqueous, low temperature systems. 
However, t h e  l a rge  hydrogen content of MgH2 could be a de te r -  
mining f a c t o r  i n  c e r t a i n  circumstances where weight may be a n  
over-riding consideration. The t e rna ry  hydride Mg2NiQ is of 
i n t e r e s t  p r imar i ly  because it could be used i n  conjunction with 
high temperature Bacon cells. 

It is our contention t h a t  these compounds have -the po- 
t e n t i a l  t o  so lve  a se r ious  and long-term problem assoc ia t ed  
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with  t h e  development of a p r a c t i c a l  and economical f u e l  cel l ,  
i.e. t h e  storage and generat ion of hydrogen. I t  is  a l s o  
apparent  t h a t  they could be used i n  a number of a l t e r n a t i v e  
schemes not d i scussed  here ,  where these  p r o p e r t i e s  would con- 
s t i t u t e  an important advantage and improvement. 
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Table 1 

VH B 2 N i H 3  s2 H Gas L i q .  H2 -2 -2- 
Available Hydrogen 

w t  % 2 . 1  3 . 3  7 . 6  100 100 
-2 

Density g / m l  -5 2 . 5 7  1 . 4 5  7 . 2  7 10 

Available Hydrogen 
g / m l  of Volume 0 .105  0 . 0 8 5  0 . 1 1 0  7 . 2  x 7 x lom2 
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